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Biographical Memoirs that his decision was the correct one, and therefore had to be implemented. They were married ten years after this first meeting.
The only outstanding feat recorded during his four years at the Edinburgh Academy is that at rugby he scored a 'try' for the opposing side, since he failed to realize in which direction he was running. The mishap was officially blamed on his poor eyesight, but as he hated the game, other explanations cannot be ruled out. He enjoyed a game of tennis or golf, provided it was not taken too seriously, but disliked organized forms of sport. His sympathies were always with those organized efforts which were directed towards a worthwhile aim and he became an enthusiastic cadet in the O.T.C. From his mother he had inherited a love of music and he enjoyed playing the piano, which he did with less accuracy than gusto. Like most boys, he was interested in model trains and was particularly fascinated by the operation of signalling equipment, its proper function and possible development. Many years later he spent happy hours 'playing trains' together with Hartree, another expert in signalling equipment.
In 1937 MacDonald left Edinburgh Academy and entered the University, where he read mathematics and physics. The aim was to obtain a double M.A., B.Sc., which could be done in five years. However, after the first year, during which he seems to have done quite well, his father suggested that he should reply to the advertisement for an actuarial apprentice by an insurance company. He was accepted and passed the first two examinations without difficulty, the main requirement being a sound knowledge of mathematics. From then on the legal aspects became predominant in the course, and this was evidently not to MacDonald's taste. During a short absence of his parents in America in the summer of 1939 he decided to go back to the University, informing them that he had resigned his job with the insurance company. It appears that his father felt that the matter should have awaited his return, but MacDonald pointed out simply that there was no need for further discussion since he had made his decision.
When war broke out a month later he volunteered, but was turned down because of defective eyesight. The Recruiting Board advised him to complete his studies, but evidently changed its mind a year later, telling him that he had only another year to get his degree. This he managed to do, finishing up with First Class Honours. He served in the R.E.M.E. and after training was posted to Dover, where he was on radar duty when the Scharnhorst and Gneisenau slipped through the Channel. It was typical of MacDonald that then and in later years he told the story as if he had been personally respon sible for this mishap. As a matter of fact he had stayed up all night to repair the radar set which first spotted the ships. He was subsequently sent to the Military College of Science at Bury for further training, and must have impressed the authorities there since they asked him to stay on as instructor with the rank of Captain.
It was at Bury that his capacity for original scientific work became apparent. He was asked to look into the problem of noise in radar signals and thus he entered a field to which he was to make important contributions. He immediately became engrossed in the basic aspects of fluctuations which he began to discuss with R. Fiirth, whom he had known from his days at Edinburgh University. He began publishing papers on his work, which was also accepted for a Ph.D. thesis at Edinburgh.
MacDonald took the degree in 1946, and in the same year entered Oxford as an advanced student with a Nuffield Research Fellowship. He still lived at Shrivenham to where the Military College had moved, commuting every day and in all kinds of weather on a motor cycle. I first met him when he asked me about interesting subjects in the low temperature field. Very little had been done experimentally on the resistivity of pure metals at liquid helium temperatures, although clear predictions as to the expected behaviour had been made by Bloch. MacDonald soon became very enthusiastic about it, working up the various aspects of the problem with incredible speed and energy. It became clear from the outset that the day would not be far off when the roles of supervisor and research student would be reversed. The next three years were hectic but most enjoyable. The immense nervous tension never seemed to leave him, causing jubilation at each success and deep depression at each failure. Not only his work but any item of conversation would be pursued with almost fanatical intensity. This must not be taken to mean that he was singularly solemn. On the contrary, he had a strong sense of humour and could laugh heartily until the tears streamed from his eyes. He simply worked and lived at several times the normal pace. In retrospect it must seem that the rate at which he lived was to make up for the limited span of time granted to him.
Resistivity and other electronic properties of metals became the second great interest in his life. However, MacDonald was always working at the same time on a number of problems which were often quite unconnected. Sometimes he would build up connexions between things that were in his mind, and his first publication from Oxford was a note on the use of Brownian motion in low temperature thermometry. It arose in discussions with J. B. Brown, another research student with whom he shared a laboratory. Shortly afterwards the scientific world was alerted by an American claim to have observed superconductivity at liquid air temperatures in sodium ammonia solutions. We found this hard to believe and checked the result in co-operation with A. J. Birch, an expert on the chemistry side. MacDonald immediately became interested in metal ammonia solutions generally, and together with Birch investigated the properties of the solid phase. Similarly, the need for measuring small resistances in his work on pure metals sent him off into studies of the performance of galvanometer amplifiers.
MacDonald's excellent command of theory and his ability to use mathe matical analysis was matched by great experimental skill. He soon came to the conclusion that work on the resistivities should start with the alkali metals, since they promised to be nearest to the quasi-free electron model of the theory. This entailed considerable handling difficulties which called for much ingenuity. In an astonishingly short time he succeeded in getting suitable specimens not only of sodium and potassium but also of the ev en more difficult metals rubidium and caesium. Sodium turned out to be the 'ideal metal' showing in good approximation the T 5 dependence of the resistivity postulated by Bloch. MacDonald showed that the other alkali metals are less simple, and in potassium, rubidium and caesium he discovered some slight anomalies which, for once, he had no time to follow up and which were never re-investigated.
Further deviations from the simple pattern exhibited by sodium were found in the alkaline earth metals which were next on his programme. Here a resistance minimum similar to that observed earlier in gold was found in mag nesium. The difficulty in accounting for this phenomenon particularly fascin ated MacDonald and he returned to the problem several times in later years.
One of the investigations interrupted by the war was that of the resistive transition to superconductivity. In particular, it was by no means certain whether this change would be discontinuous in the presence of a magnetic field. MacDonald's skill in making pure and strain-free metal samples was now turned to lead, tin and mercury, and these substances were investigated very thoroughly, yielding apart from a good crop of satisfactory results, a number of puzzling features, some of which have assumed fresh significance in recent years in connexion with type II superconductivity.
After taking his second Doctorate, MacDonald stayed on at the Clarendon Laboratory with an I.C.I. Fellowship, continuing and extending his work on electron transport in metals. He broadened the resistivity studies to include the effect of specimen size and of the magnetic field. Making use of the former, he applied the results to bulk specimens in which he considered scattering by internal boundaries, looking for an explanation of the resisitivity minimum which began to interest him more and more. At the same time he embarked with Berman on an investigation of the thermal conductivity of sodium, linking this work with the experiments on the electrical resistance. This led to an elucidation of the behaviour of the Lorenz number in depend ence on temperature. Soon afterwards a similar investigation was made on copper. All this work was distinguished not only by a wealth of new and valuable results but also by the thoroughness with which the theoretical aspects were discussed and clarified.
At the same time he continued work on various aspects of the fluctuation problem where, as one of his colleagues put it, 'his outstanding contribution was clarity'. He discussed with great lucidity the statistical properties of noise, using clear and elegant mathematical techniques. An important contribution was his success in relating the temporal distribution of noise with the power spectrum in electron beams.
His versatility is shown by the fact that while he was making original contributions in two distinct fields, those of electron transport in metals and fluctuations, he suddenly became interested in questions of heat exchange in the human body. He was stimulated by discussions with Wyndham, the member of a polar expedition, and made a physical analysis of heat transfer in man designed to explain the mechanisms which permit survival of men immersed in cold water.
His outstanding ability and working capacity left little doubt that he was marked out for a brilliant career, but the question remained as to where this was to be achieved. Oxford offered much opportunity in facilities as well as in exchange of ideas, but MacDonald found that things there moved slowly and he was a very impatient man. He also felt, and said so, that he was not cut out to be a don, although-without being aware of it-he would have made quite a good one in more respects than one. In 1951, when he was asked whether he would be prepared to set up a low-temperature laboratory at the National Research Council at Ottawa, his first reaction was negative. He was a man who thrived on discussion with others, which he found one of the most useful means of clarifying his own ideas, and the prospect of going out into a comparative vacuum did not appeal to him. However, a few days later he had changed his mind. In the last years at Oxford he had found a new outlet for his energies which gave him much satisfaction; his own research students. The novel experience of having junior colleagues who were working with him on his own problems and whom he could teach and train with the care and thoroughness which he himself practised, was a new revelation. He enjoyed their successes even more than his own, and while they found him a hard and exacting taskmaster, they all worshipped him for the endless trouble he took over their progress. He now realized that the post in Canada would give him a great opportunity to found his own school. This prospect turned the scales and he accepted.
In Ottawa he had to start from scratch as far as low-temperature work was concerned, but he was backed by an immense store of good will. The authori ties at the National Research Council were quick to realize that they had found in MacDonald a most outstanding man and they did everything in their power to help him to get on with his work. The appointment turned out to be an unqualified success. MacDonald's tremendous drive was now turned to one object, to make Ottawa one of the centres of international low-temperature physics, and the result was truly remarkable. With a rapidly increasing group of devoted colleagues he not only saw to the necessary technical facilities but also provided them with an excellent selection of problems on which to work. His own work on metallic conduction continued and he became particularly interested in the effect of very small amounts of impurity and their relation to the enigmatic resistance minimum. He also started work on thermoelectricity and this became the subject to which he made the most important contributions.
Originally he probably hoped that the thermoelectric phenomena would be basically simple, but the experimental results soon showed that this was not to be the case. Nevertheless, he was able to explain the thermoelectric power of the alkali metals quite satisfactorily in terms of the Umklapp type of phonon drag, which reverses the sign of the normal phonon drag component. He was also successful in interpreting the effect of alloying on the thermoelectric power of the alkali metals and that of some types of impurity on the noble metals. Quite unexpected results were obtained, however, on those dilute alloys which tend to show resistance minima. Here he discovered anomalous thermoelectric powers of enormous size at low temperatures.
In 1956, only five years after his arrival at Ottawa, he organized an inter national conference there on electron transport which was well attended and turned out very successful. At the same time the participants were much impressed with the large amount of research work in progress in this field at the National Research Council. In an incredibly short time MacDonald had succeeded in making his laboratory into one of the world centres of research.
Meanwhile his work on fluctuations continued with unabated vigour. The most outstanding contribution during his years in Canada is concerned with non-linear Brownian motion and in particular with the generalization of the Einstein relation connecting Brownian motion and diffusion. As in his earlier work, his choice of treatment was distinguished by the precise mathematical analysis, often of simple physical models as, for example, the 'Rayleigh piston' in its various limits. Again he found connexions between his two main interests by applying fluctuation studies to the scattering problems encountered in the electron transport phenomena.
MacDonald lived in his work with unbounded enthusiasm and teaching became one of his great interests. In the early forties the Extra-mural Studies Delegacy at Oxford had initiated adult education courses in physics, which became so popular after the war that the classes had to be split. MacDonald was asked to take on one of these and he threw himself wholeheartedly into this work. The pupils, who were drawn from all walks of life, thoioughly enjoyed the enthusiasm of their teacher and the care with which he planned their course. He had a similar success with a mathematics class, and when he left, the Delegacy could find no one to replace him. He continued this type of teaching in Canada, mainly by radio broadcasts, and he also instituted a series of Christmas Lectures for children in Ottawa, which still continue.
In 1955 MacDonald became Honorary Chairman of the Physics Depart ment of Ottawa University and he continued his lectures there to the end of his life. His book on statistical mechanics grew out of a course of lectures on this subject. O f equal importance as his formal university lectures were the seminars and discussions at the National Research Council, which provided constant stimulus for his research section.
MacDonald had an almost exaggerated sense of responsibility which sometimes led to such neurotic fears as have been mentioned eailiei. At the same time, once he had arrived at a decision or conclusion, nothing could shake him in his resolve. There was generally no harm in this because he was usually right. He himself knew that his reasoning had been precise and therefore found it irritating if others were not quite so ready to accept it.
He had no patience with people who would argue for the sake of argument only, of whom Oxford holds its fair share. When his mind was made up he spoke it unhesitatingly and unambiguously, and there were situations when people resented this. It should be said, however, that while people occasion ally resented MacDonald, MacDonald never resented anyone. He was kind and friendly by nature, and even if someone had sorely taxed his patience until he had become very irritated, MacDonald never bore him a permanent grudge. It was always a source of surprise and regret to him when he found that he had offended someone.
For his method of thinking clarity and precision were an absolute need and he felt distinctly unhappy in any situation which was left to some extent vague. His scientific work greatly benefited from this rigorous attitude but he completely failed to understand that in other aspects of life it might sometimes be better to leave a question open. It was his insistence on unequiv ocal decisions in human relations, or even in those with the Inland Revenue, that sometimes resulted in answers which he found distressing. He was extremely critical, but this faculty was applied chiefly to his own work and above all was always constructive. Recognition by others of his own work made him very happy and, equally, he was always ready to praise good work done by his colleagues or his students. A pretty experiment or an elegant solution achieved by one of them would give MacDonald such obvious and intense pleasure that his co-workers could not think of a better reward.
Once you had accepted that MacDonald lived and worked at a faster rate than you yourself could possibly achieve and that he was impatient with anyone who tried to slow him down, you could not imagine a more pleasant and stimulating colleague. Provided he knew that there was good will, he never regarded failure to follow his rapid deductions as obstructive. On the contrary, he would patiently explain the same point over and over again and search for better means of clarification to make it understood. This willingness to teach and to discuss, coupled with his deep insight into the problems which he studied, created a sense of devotion among his co-workers which far exceeded the usual regard of a pupil for his teacher and which bordered on worship in the long years of his illness.
The first signs of paralysis appeared when MacDonald was thirty-seven, and from the beginning he knew that the illness would be slowly progressive and fatal. It was his adjustment to this terrible blow which was so remarkable. He decided immediately that life and work should go on unchanged as long as it were possible. He carried through this resolve to the very end. He was fortunate in finding full understanding and a maximum of help at the National Research Council, both from his colleagues and from the authorities. They saw to it that, in spite of his growing disability, he could continue to work there to the very last. For the final two years he was in a wheel chair, and a male nurse would take him to the laboratory in the morning and bring him back to his house at night. MacDonald began to detest week-ends which interrupted his working routine and made him feel his helplessness more acutely. He soon turned these, too, into working days, arranging for one of the secretaries to come in or dictating to his wife and daughter. When he became too weak to lecture for a full hour at the University, he recorded the lecture beforehand on tape, and came along to the lecture room while it was played back so that he could answer questions. In the last six months he could not sit up for more than a few minutes at a time, and had to be taken to the laboratory on a stretcher in a station wagon which was specially adapted for this purpose.
Even his illness provided him with stimulus for original ideas. When he was in the Royal Victoria Hospital at Montreal a short time for tests, he took this opportunity to organize a symposium on self-regulation in living systems. One of the aims was to bring together for a common purpose people of widely differing training and interest; neurologists, electrical engineers, mathematicians, psychologists, physicists and philosophers. MacDonald made certain that the participants would make their points clearly and in a language which would be understood by all, alert all the time that they should not relapse into the specialist jargon of their subjects. This symposium proved such a success that it was followed by a number of similar ones, two more of which were held at Montreal and four at Ottawa.
Looking at the output of MacDonald's work during those last six years of illness one is reminded of one of the tales of Herodotus. He records that when one of the pyramid builders was told that he had only a few years to live, this Pharaoh ordered the lamps in his palace to be alight all night, confounding the prophecy by using the nights as well as the days and so doubling the span of his life. It seems inconceivable that MacDonald's enormous output of research and writing should have been achieved in so short a time and by a very sick man. There was no slackening of the rate at which his two main interests, fluctuations and electron transport, were continued and much of the most beautiful work on thermoelectricity falls within these years. In addition, there was now another compelling reason. Knowing that the end was so near, he felt that his experience and thoughts should be passed on in a more permanent form than through papers in a journal, and he set himself to write books. There are no fewer than five, all excellent, and extremely careful studies. MacDonald was always in a hurry, but it never made him slapdash.
His Introductory statistical mechanics for physicists which arose from his course of university lectures has already been mentioned. This is strictly a textbook and was published in 1963, preceded the year before by two books of a some what different character. These were Thermoelectricity and Noise and fluctuations, each book dealing with one of the main subjects of his original investigations. They were not intended to be textbooks, but deal largely with the results of MacDonald's own work, discussed in the framework of existing knowledge on these subjects. It is a tribute to the fundamental character of his work and to the clarity of his exposition that these two books are also on the way to becoming the standard texts in their fields.
Two other books are also concerned with science but are very different in character. They are both written in a very personal and somewhat conversa tional style. He often makes short and entertaining digressions from the main theme which prevent any tedium and make for delightful reading. JVear zero is an account of low temperature physics, especially addressed to the young reader. The other, Faraday, Maxwell and Kelvin, deals with the work of these scientists without furnishing biographies. His observations are notes which are concerned not only with electromagnetism but also with the question as to whether genius and a difficult wife are connected, and if so, how. Other digressions are devoted to the Royal Society, Scottish character and the problems of priority.
While his illness did not affect MacDonald's immense capacity for work another remarkable change had come over him. When I met him at a conference in Leiden in the summer of 1958, it was a few months after the onset of his illness and he knew the worst. At the same time, the tenseness and nervous fears had gone, as if they had found an outlet in the paralysis. He discussed with complete coolness those aspects of disability which would be most irksome to him, but these were not the things which most concerned him. He felt acutely that he had often not been kind enough in making allowances for human shortcomings, expressing disapproval of the strict and uncompromising Presbyterian principles by which he had been influenced in his youth. Failure of his health had brought about a serenity of outlook which was strengthened by the admiration which his friends and colleagues showed for the courage with which MacDonald was facing the horrible prospect before him. It was serenity tempered by his never failing sense of humour, and strength of mind in being casual about his disability. When we met again two years later at the tercentenary celebrations of the Royal Society, his illness had advanced considerably. However there was no shadow darkening our talk and, laughing and joking as in the old days, we hardly noticed that his wife had to raise the glass to MacDonald's lips. At that moment, with the nervous tension removed from him, he seemed happier than ever before.
Election to the Royal Society at a relatively young age, the award of the Gold Medal of the Canadian Association of Physicists, an Honorary Professor ship at the University of Ottawa, and the high regard in which his colleagues held his work, gave MacDonald that sense of achievement which is normally attained only at a more advanced age. He died a stricken but not unhappy man.
The writer is much indebted to Mrs Moira MacDonald and Mr George MacDonald, O.B.E., for additional information and to Dr J. S. Dugdale and Dr A. M. Guenault for details concerning MacDonald's work in Canada. The photograph illustrating this memoir is by Rapid Grip and Batten Ltd of Ottawa. 
